We determined the urinary excretion, expressed as the protein/creatinine ratio(morningurines), of albumin (a marker of glomerulardysfunction) and retinol-binding protein(RBP; a low-molecular-mass proteinmarker of tubular proteinuna) in102 non-insulin-dependent diabetic patients. There was a statistically significant (P <0.0001) correlation (p = 0.38) between the urinary excretion values of the two proteins. The population could be dMded into four subgroups: 32 with normal excretion values, 15 with above-normal urinary excretion of RBP, 24 with above-normal urinary excretion of albumin, and 31 patients with above-normal urinary excretion of both proteins. No patients had above-normal serum creatinine concentrations or above-normal serum RBP concentrations. This seems to exclude "tubular overflow proteinuria" as the cause of the increased urinary excretion of RBP seen in some patients with non-insulin-dependent diabetes. Our data suggest the presence of a state of proximal tubular dysfunction in these patients.
IndexingTerms:albuminuna . kidneyfunction
It is now well-established that a slight increase in the urinary excretion of albumin ("microalbuminuria") is an early predictor of glomerular dysfunction in diabetes mellitus (1, 2). We and other investigators have also reported (3) (4) (5) a significant increase in the urinary excretion of the low-molecular-mass protein retinolbinding protein (RBP; 21 kDa) in insulin-dependent (Type I) diabetics in the absence as well as in the presence of microalbuminuria.
Similar observations were made in a study (6) of unselected diabetic patients that included Type I and Type II (non-insulin-dependent) diabetes. The latter findings raised two questions: Is proximal tubular dysfunction with impaired reabsorption of low-molecular-mass proteins the first stage in development of sometypes of nephropathy in insulindependent diabetes? And, can the microalbuminuria observed in some insulin-dependent diabetic subjectsbe accounted for, at least to some extent, by a state of proximal tubular dysfunction leading to impairment of the tubular reabsorption of filtered albumin?
In the present study we have extended these investigations on the urinary excretion pattern of glomerular and tubular proteins to a population of non-insulindependent diabetic patients. ' 
MaterIals and Methods
The concentration of RBP in serum and urine was determined by a two-site enzyme-linked immunosorbent assay (ELISA) as previously described (7). Albumin in serum and urine was assessedby an immunonephelometric technique we previously reported (8).
Creatinine in serum and urine was measured by the routine Jaffe method (SMA-il; Technicon, Tarrytown,
The study groups comprised non-insulin-dependent diabetic subjects with a median age of 70 years (range 38-91), a median body weight of 75 kg (range 51-127), and a median diabetes duration of 11 years (range . We excluded eight patients with above-normal ( 120 mol/L) serum creatinine concentrations.
Venous blood samples and single-voided urine specimens (morning) were obtained from all patients.
Urinary excretion rates were expressed as the protein/creatinine ratios. The upper limit of the observed range for a group of 22 apparently healthy persons (laboratory personnel with a median age of 40 years, range 26-52) was used as cutoff limit. The control group was not comparable with the patient population with regard to age. This is, however, not important, inasmuch as the urinary excretion of 10 proteins including albumin and low-molecular-mass proteins in the elderly (ages 70 years) reportedly do not differ significantly (9) from the excretion in younger subjects (ages 10-69 years).
Results
We determined the urinary excretion of albumin and RBP, expressed as protein/creatinine ratios, in 102 noninsulin-dependent diabetic patients. There was a statistically significant (P <0.0001) correlation The relationship between the urinary excretion values of albumin and RBP is shown in Figure 1 . We used the cutoff limits for normal albumin ( 29 mol/mol creatinine) and RBP excretion ( 1.37 mol/mol creatinine) to divide the population studied into four groups. urinary excretion of RBP and albumin (21 microalbuminuric and 10 macroalbuminuric patients). In summary, 55 of the 102 non-insulin-dependent diabetic patients were either micro-or macroalbuminuric; 46 of the 102 patients had above-normal urinary excretion of RBP, and 31 of those 46 patients were either micro-or macroalbuminuric.
As expected, body weight and serum creatinine concentrations were correlated (Spearman rank correlation, p = 0.29, P <0.01).
We observed a statistically significant (P <0.0001) correlation (p = 0.51) between the serum concentrations of creatinine and RBP (Spearman rank correlation). All patients had serum RBP concentrations below the upper limit of the normal range recently reported (10). The urinary excretion of albumin and RBP was not correlated to diabetes duration. The urinary excretion of RBP but not of albumin was correlated to age (p = 0.26, P <0.01, Spearman rank correlation) and metabolic control as indicated by the hemoglobin A1 concentration in serum (p = 0.27, P <0.01, Spearman rank correlation).
The urinary excretion of albumin and RBP showed no correlation to the systolic and diastolic blood pressure.
Discussion
The present data show that tubular or low-molecularmass proteinuria is a frequent finding in non-insulindiabetes. Several normoalbuminuric, microalmass proteinuria, as indicated by above-normal urinary excretion of RBP. These findings are similar to those observed in Type I diabetic subjects (3) (4) (5) and in a mixed population of Type I and Type II diabetic subjects (6) .
RBP (21 kDa) circulates in plasma, where 90% of it is bound to transthyretin (55 kDa). The unbound fraction is filtered freely through the glomeruli and catabolized after reabsorption in the proximal tubules (11-14) . Ordinarily, very small amounts of RBP escape into urine, but in proximal tubular dysfunction large amounts are excreted. RBP has, therefore, been used as a sensitive marker of proximal tubular dysfunction (11-14) . Watts et al. (15) observed a correlation between the urinary excretion of the low-molecular-mass proteins $2-microglobulin and RBP in insulin-dependent diabetic patients. The former protein seemed to be more sensitive than RBP in detecting an abnormality of the renal proximal tubule, but alkalinization of the patients was necessary because of the low stabffity of $2-microglobulin at urinary pH <6.0(11).
Low-molecular-mass proteinuria is also a typical finding in chronic renal failure (16), for which a severely reduced glomerular filtration rate is accompanied by a parallel signif. icant increase in the plasma concentration of creatinine and unbound RBP (16). The ifitered load of RBP in the remaining functional nephrons exceeds the reabsorptive capacity of the proximal tubules, resulting in urinary excretion of large amounts of RBP: "tubular overflow proteinuria"
(16).
No patients had above-normal concentrations of serum creatinine, and allhad serum RBP concentrations below the upper limit of the normal range. These findings seem to exclude tubular overflow proteinuria as the mechanism responsible for the low-molecular-mass proteinuria observed in the present population of diabetic patients. We conclude that proximsil tubular dysfunction with impaired reabsorption of low-molecular-mass proteins seems to occur not only in insulin-dependent but also in non-insulin-dependent diabetes.
The mixed type of proteinuria, i.e., glomerular and tubular proteinuria, observed in one-third of the diabetic patients raises some interpretative problems. High urinary concentrations of albumin, by affecting the absorptive function oftheproximal renal tubules, could contribute to developmentof low-molecular-mass proteinuria. In fact, high concentrations of albumin seemed to interfere with the absorption of the low-molecularmass proteins myoglobin and -microglobulin in the perfused rat kidney (17,18) . Conversely, if low-molecular-mass proteinuria reflects a state of tubular malfunction in which the tubular reabsorption of filtered proteins (e.g., albumin) is impaired, this might contribute to the development of microalbuminuria.
The latter hypothesis agrees with studies showing that the tubular damage associated with hypokalemia produced an increased urinary excretion not only of typical tubular markers, e.g., low-molecular-mass proteins and tubular enzymes, but also of the glomerular marker albumin (19). We emphasize, however, that findings of this type may just as well indicate the coexistence of tubular and glomerular lesions in the kidneys of hypokalemic and (or) diabetic patients (19 We appreciate the valuable technical assistanceof Tove Enggaard Dorph-Jensen and Marianne Andersen.
